Objectives: Computer tomography (CT) is the most widely used diagnostic modality in the routine evaluation of distant metastatic disease. We aimed to evaluate the role of Multidetector CT (MDCT) in local staging of cervical malignancies. Patients and methods: In this prospective study 26 patients with pathologically proven cervical malignancies performed postcontrast MDCT of the abdomen and pelvis for local staging. Reconstruction of images was performed in the workstation. In a sample of 12 patients an extended study in which delayed images were obtained for more accurate ureteric evaluation. Data were analyzed using SPSS and McNemar test was used to calculate accuracy. Results: The overall accuracy of CT was 61.5% excluding the discrepancy in staging between CT and examination under anesthesia (EUA) due to distant metastases (three cases had distant metastases in CT which was not evaluated in EUA). This value was raised to 77% if vagina was assessed clinically rather than by CT. Conclusion: In cervical cancer; CT gave better results in staging of advanced cases than in early staged ones. Local staging was improved by acquisition of delayed scans.
Introduction
Cervical cancer is the third most common cancer among women after breast and colorectal. There is also a greater incidence in developing countries and in low socioeconomic classes [1] .
FIGO staging of cervical cancer is entirely clinical and does not rely on surgical-pathological findings. This is mainly to achieve a staging system that is universally available and as cervical cancer is more prevalent in developing countries only clinical methods are universally available. However for the first time the committee encourages the use of imaging techniques [2, 3] .
In previous literature, many studies gave poor CT results in evaluating cervical carcinoma yet they had lacked the privilege of high quality reconstructed images and relied only on axial ones.
The aim of this work was to study the added benefit of multidetector CT in the local staging of cervical carcinoma (see Figs. 1-3 ).
Patients and methods

Study population
This study is a prospective analysis approved by the ethics committee of the Scientific Research Review Board of the Radiology Department, National cancer institute, Cairo University. Included patients had given informed consent to use their data in research studies. Radiation safety committee approval was taken by the Biomedical engineering Department -Cairo University.
The study performed during the period from June 2013 to August 2014. The study included 26 patients of pathologically proven cancer cervix with their ages ranging from 31 to 88 years. The patient were referred from their departments (Surgery or Radiotherapy) based on their physician request to perform multislice CT for staging.
Methods
Post contrast CT examination of the abdomen and pelvis was performed using 64-detector scanner (Light Speed VCT sys-ctbay 99, GE Healthcare, USA).
CT technique
Prior scanning, 1000 ml of oral contrast medium was administrated 3 h earlier for proper bowel opacification. Image acquisition was performed 70 s after contrast administration. The contrast agent used was ''Telebrex", the dose is 1.1 ml/kg body weight, with a total dose ranging between 60 and 120 ml. In cases with known sensitivity to contrast; ''Omnipaque" was the alternative agent, the dose is 50-200 mL (Omni 300); 60-100 mL (Omni 350). The contrast was injected either by the injector. The scan time lasts about 20 s. All the patients were examined in the supine position. In a sample of patients delayed images were obtained (after 7 min) for better ureteric visualization of both ureters especially in the coronal view.
Image reconstruction
Axial images with a slice thickness of 0.6 mm were obtained for each case. Coronal and sagittal MPR (multiplanner reconstruction) images were generated from the native axial images on the workstation with a slice thickness of 0.5 cm.
Image interpretation
CT images were analyzed for the following parameters:
(1) General configuration of the cervix. (2) Detection of the focal soft tissue infiltration guided by its enhancement and estimation of its size. [4] .
The standard of reference was data supplied by surgery or examination under anesthesia (EUA).
Data and statistical analysis
Data were analyzed using SPSS win statistical package version 17. Numerical data were described as medians and range. While qualitative data were described as frequencies and percentages. McNemar test was used to calculate accuracy.
Results
The included cervical masses were squamous cell carcinoma (19 cases), adenocarcinoma (5 cases) and malignant melanoma (2 cases) representing 7.7% and rhabdomyosarcoma (1case) representing 3.8%. One case with squamous cell carcinoma was excluded from the final results due to incomplete data.
General complaint in the 26 patients was vaginal bleeding except for two cases, one had associated supraclavicular mass and the other had left inguinal mass as the only symptom.
Regarding menstrual history 54% were postmenopausal and 46% were premenopausal. Table 2 demonstrates CT staging findings in the included cervical masses: in correlation with the surgical pathology or examination under anesthesia (EUA).
In CT 69.2% of patients were free from periureteral fat invasion while 50% were free in EUA/pathology.
Patients that had free upper vagina on CT examination comprised 53.8%, while only 30.8% proved to be free. Demonstrative case of vaginal invasion (Fig. 2) .
The overall accuracy of CT was 61.5% excluding the discrepancy in staging between CT and EUA due to distant metastases (three cases had distant metastases in CT which was not evaluated in EUA). If we exclude vaginal assessment from CT and rely on the clinical assessment, then the accuracy will be raised to 77%.
When accuracy results was compared to pathology alone (excluding cases compared to EUA), the values were better; as it was raised from 66.7% to 83.3% provided the consider of clinical evaluation of the vagina. This implies that EUA should not be used as a gold standard for comparisonits results are not accurate.
Discussion
In FIGO staging, some studies concluded that the use of imaging in the assessment of cervical carcinoma is not superior to physical examination. In contrast, many studies have suggested that imaging is an important work-up tool and should be included in staging [5] . Undetermined items in pathology or EUA (examination under anesthesia) were not included in the patient's report. In current work we were guided by the parameters of Tsili et al. [6] in the assessment of parametrial invasion, categorization of pelvic lymph nodes; whether abnormal or not and characterization of stage IA carcinoma. Their overall accuracy of staging cervical cancer was 83% compared to 66.7% (in correlation to pathology only) in our study. Accuracy of parametrial invasion was 92% compared to 77.8% (in correlation to pathology alone) in our study [6] .
The low accuracy of our staging in comparison to Tsili et al. was affected by factors which represent a challenge to CT imaging. Two cases of our limited sample (n = 27) were underestimated by CT due to the presence of melanoma deposits on intestinal loops in one case and urethral infiltration by the tumor in another one. These features are difficult to assess by CT imaging.
HO et al. compared between CT and MRI in staging of 20 patients diagnosed with cervical carcinoma. They declared that MRI is more precise in detecting parametrial infiltration than CT and EUA and recommended the routine use of MRI in conjunction with clinical staging to get best results in determining the appropriate therapy for patients diagnosed of cervical carcinoma [7] . Mitchell et al. in 2006 also compared CT and MRI on larger scale population of 208 pateints and consulded the same data. They added that both methods showed high accuracy for evaluating the cervical stroma [8] .
A study conducted by Saksouk, for evaluating CT accuracy in staging cervical carcinoma. He reported that the accuracy of CT scanning increases in the setting of advanced disease, as high as 92% in evaluating patients with stage IIIb-IVb disease. However, the accuracy of CT scanning in the overall staging of cervical cancer is about 58-88% in comparison with 76-92% for MRI [9] .
Ozarlic et al. study reported that the accuracy of staging for clinical examination when compared with surgical findings was only 47% and that clinical examination gave the least accurate results when compared to CT or MRI [10] .
This complies with the results of our study which proved improved accuracy in the different parameters of staging and in the overall staging when results were compared with those of the pathology alone rather than pathology and EUA.
Regarding vaginal assessment, clinical assessment is very important. In our study if vaginal invasion is estimated clinically without relying on CT, the accuracy of staging in our study will improve by 15.5%. This agrees with Koyama et al. which stated that regarding vaginal involvement, CT and MRI did not show benefit over pelvic examination for assessing vaginal invasion [11] .
In Prasad et al. study, 61.5% of patients with cancer cervix showed vaginal involvement with an accuracy of 47.2% [12] compared to accuracy of 75% in our study. We assume that the low accuracy in Prasad et al. study was due to absence of image reconstruction (sagittal and coronal reformatting) together with comparing results with only clinical examination.
In our study there were sample group of patients (12cases) for whom we had performed delayed post contrast CT images (case 3, figures B, C) to check if there is an added value for the increase in the scan duration over the diagnostic performance. We observed that such images provided better delineation of the periureteral fat and anatomical landmarks. We observed that the interobserver variability was decreased when the delayed images was considered in the assessment and moreover aided in determining parametrial invasion with an estimated accuracy that was raised from 61.5% to 72.7%.
We recommend a delayed post contrast CT scanning (7 min after IV contrast) on the pelvis to be integrated as a part of specific protocol for imaging of patients diagnosed for cancer cervix.
An issue has been raised in our study, which is lymph node assessment. The FIGO staging system doesn't include evaluation for the state of the regional lymph nodes. This represented a major drawback and affected our all over estimation for the advanced stages of cancer cervix. This was explained by Petsuksiri et al. who stated that the advanced imaging is not employed widely in the endemic countries of the cervical cancer. The recent FIGO 2009 has only encouraged the usage of advanced diagnostic imaging rather than recommended their application for a complete staging work up [13] .
Conclusion
In cervical cancer, CT gave better results in staging of advanced cases (III and IV) in comparison with early staged (I and II) cases. Multislice CT gave lower accuracy for parametrial and vaginal invasion yet local staging was improved by acquisition of delayed scans.
